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Abstract. “J’his paper summari~,es (1) advances in our knowluigc of coronal structmm

inferred from raclio  pmpagat  ion mcasurcmcnts,  and (2) gains in our u n(icrstanding  of the

rcla(imship bd WCCII radio pmpagat  ion :imi whit c-1 igh[ corona~raph  Incasurcments. Radio

propa~at  ion mcasurcmcnls  confirm I hat streamers arc ray-]ikc  slrLwlLIIcs as (icpictccl  it]

coloTlagl.alJll]  3ictllrcs,13tl[  als[Jrcvcal allicrarclly  of fil:itl]c]]tarj'  stlLlctlll`cst  ll]()t]gllc)ll(  [he

corona, extending from the size of slrcamcrs down 10 scale sins as sInall  as about  1 km at

the SUII (1()-3 arcscc). lkpplcr  stint ill at ion lllcasLll”cIll~Ilts,  thcref{m:,  opcm a new win(iow

on smd]-scale. stI”LIc[LIrc  thal has ]ong c]micd comnagraph  IIIC:ISLII’CII”ICIIt$.  ]11 a(iciition, high

precision rat]ging mcasurcmcnts  make it possib]c to invcs[iga[c large-scaic slruc[ures  nd

yet observed in coronagraphs,  s[lch as plL]mcs in cquat (wial  coronal regions.

1. lN”l’I<OI)(JC:’1  ’I[)N

IWiio propagation cxpcrimcmts, which were first c(miuctc(i  witi] na(urai ra(iio sources

as li~cy  passcci  bchinci the SLIII ami subscqucntiy  with cohcrc.mt spacecraft ra(iio signais,

have bccm invaluable for probing (1IC solar corona, ‘1’hcy  are C1’llcial 1)()[ Only bccausc  they

bri(igc the gap bctwccn solar measurements ami the solar winci obscJ ve(i dircctl y by

spacecraft, bu( ai so bccausc  Ihcy obscmc  the solar win[i  near its source, prior to cvolu[ion

with dial cxpmsicm. Bascci  on a wide variety of raciio  scat[cring  anti  propagation

phenomena, these obscrv:itims yicl~i mcasurc]ncn[s of clcctrm (icl~sily,  clc.ctrm cicmsity

fluc[LMions, solar wimi spcc(i, ami magnctie  flclci.  lixamp]cs  of tiIc observed  ra(iio

phenomena include. angular broadening, spcctt al broa(icnillg, intcmsily scintillation,

lhpplcdphasc  scintiiia[icm,  ransing (or time (ic.iay) atl(i 1 ‘at~(iiiy  mtat  im. Such
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investigations have.  spanned four dccadcs, during whic]l reviews l]alc bum  givcm by

llrickson (1964), IIcwisb (1972), Jokipii  (1973), l.otova (1975), Cole.s (1978), Woo

( 1979), Arman(l c1 ;I1. (1987), Bird and lidcnhofcr (1 W()), Coles  ( 1993), :Ind Woo (1 994).

Although cmsidcmblc  infomuttim has bum obtaind,  especially wi[h regml  10 dcl~sity,

solar wind speed, and the propcr[ics  of the density fluctuations, radio propagation

mcasLIIcmcIIts  have yicl(icd  lit[lc  mom than Ihc radial (:IIN1 in som C:IWS l:itilLdinal)

cicpcndcncc  of these solar wind paramclcrs in Illc corm I a, with scant information on lbcir

conncdicm  to solar fcalurcs. O[hcr aspccls  rclil[ing  [0 these observations [M un[il now

]Iavc not bccII Lmclcrstood  inclLdc the nature of the ubicluitms  density fluctuations, tbc

rclationsbip  of the (icnsi[y  fluctuations (obscnd  by llq>plcr scinti  I]at ion for cxamp]c) to

dc.nsity (observed by ringing l~lc:istlrc.Illcllts),  ml lbe cxmllcc[ion  l)ctwcct)  Ihc radio

proJlagalion  mcasurcmcnts  and structures in lhc corona as dcpictcd  by whi[c-lighl

Coronagraph  IIlcilstll’clllcllls. ‘J’I-IC  purpose of 11 Iis papcI is to review rcccnt rcsu]ts Ilmt have

cmtrilmtcd  significantly 10 these issues.

11. RI K] ;Ncl’ RIiSUl :1’S ON ‘1’1 11; SOI .AR CORONA

A l~le.ztk(lllo~l:,l~  in uI~dcrstaIIcl  ing the. solar corona t)bscrvcd by ]ii(l  io propag:it  ion

mcasurcmcnts  came when large variations in (icmsity flllctLlations were first cslablishcd,  ad

then shmvII to bc organized by the large-scale cmmal  lnagnc[ic field (Woo :Ind G:wis,

] ~~~).  SjlllLl]l~l,lc,oLls  ,llc~isllrclllcllts  of dc,]lsj[y :IIICI dc, jlsj(y fJll~~ll:ltj{)lls  I):Isc(I ()]) lJ]ySSCS

ranging  IIlc:islll”clllcll[s  dcmomtrakxl  that the lwgc vari:itions  in dcmity  fluctuations wcm

rcflcctcd similarly in the fractional density fluctuations (AI1/11, where I) is clcctrm  cicnsity)

(woo c1 al., 1 995a). ‘1’hc.sc firsl mcasurcmcn(s  of fractional density flucl Lwlimls  arc also

significant bccmsc fractional dc.nsity  fluctllalions  wcr(’ prcvious]y  tll~mg$t  not to vary much

throughout tbc solar wind (1 lcmmincr  and 1 lcwish, 1974; Co]cs cl i{l., 1 978; ‘1’appin,  1 986;

Woo and G:uis,  1994).



lns(anccs  of cnhancd  density fluctLlations  obscmul mar tbc ncIIIMl line were identified

as slalks or cx[cnsicms of corona] streamers (Woo cl al., ] 994;  woo  cl al., 1 !msa) aI)d

shown to rcprcscnl  fi I amcnt ary st met urc by cmnparinf  me.asu rcmclIts  of onc long-l  ivc(i

strcanlcr  over swccssivc  solar rotations (WOO ct al., 1995b). ‘1’bcsc signaturc,s of the

corona] s[rcamcr bavc been t race.d to lbc orbi! of 1 iatlll, where t bcy llavc also bcm observed

in dircd  plasma mcasurcmcmls  lmt bavc unduy,onc  col]sidcrablc  cvt)lu[ion  (1 luddlcston  ct

a]., ] 995). ] ‘i]amcntary  strLIctlII’cs (ray -]ikc s[ructurc,s.  flux tLIbcs, s[ria(icms)  a]>paI”cIl[] y

pcrmca(c the solar corona, as pcrccivc(i  in cal ly stdics of tbc solar wind (I%rkcr, 1963;

Michcl,  1967; ]Iurlaga,  1972). ‘J’l~cIc is a continuous I angc of scale sires cxlcnding  from

tbC size Of CX)lT)llal  Stl”CalllC.1’S  tO SII’lICI1lI’CS  as Slllall  :iS  ilbOLl[  1 kill :1( tllC  St]]]. ‘1’JIC l:tt(C1”

rcwlt  bas  been dc.tc.mimd from images of tbc clcctrot  I dc.nsity  scat[cms  in the p]anc of the

sky provided by angular broadening mcasurcmcnts  (Win, 1995a). What makes Ibc

cviclcncc  for this importani  rc.suit even mmc compelling is tbc fact llIa[ it is ccmsistcnt  with

challgcs in the clcdrm dcmsity  spcctrLln3 infcmxl fmn I phase scintil  Ialion and spectra]

broadening IIlc:IsLlrc.IIlcIIts  (Woo, 1995a). “1’lIc ability to llllallll>ig,Llotlsly  distinp,uish

temporal and spatial variations - not ]mssiblc with in situ plasmi ]“llc:isLlrclllc.Ilts  (rl’bicmc

c1 al., 1 990) –-– is fmlbcr tcstimmy  to the power of radio propagation lllc:isL1l’clllcllts.

‘1’bc smal]csl  filamcmtary strLlcturc  of size 1 km at tbc SUII mmsponds  to aII

approximate. time scale of 1 scc (fluct Llation  frcqucnc’j,  of 1 1 lz) in illtcnsit  y or

plmc/1 )opplcr  stint i! lalions. Within tbcsc strLlctLlrcs tbc clcctrm dcnsily flLlctu:ttions  :irc

nmnifcslcd as random c.lcctrm  dcnsit y irrcgularitic.s  (t Lu13Lllcncc)  tbal  arc convcdcd  along,

lhc solar wind. It is tbc scat[c.ring  from these imgularitics  that has IIuidc it possible to

mcasLIrc  solar wind spcds  with spaced-rcccivcr observatimls  d’ intmsity scintillation

(~:OICS,  ] 993). ‘]’bC Llltlli  fillC-SCdC  Stl”LICtlll’C  :111(]  tLll”bLllCllCC  dC(lllCCd  fl 0111 tbC l“:KliO

p r o p a g a t i o n  mcasurcmmts  is dcpic[c(l  in 1 ‘i:,. 1.

1 ‘rem ra(ik) propagation Illc2isLIrclllc.I)  ts, t hc ])ictul  c of a CO1’olla lli:)ll y strLlct Llrcd in

density - spanning large-scale strLlcturcs observed lIy wbitc-lif,ht  cormagrapbs  drew] to
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Scale. Sims as small :1s 1 km at the sun - has spumd  a scawh foI u )rrcspondi ng solar

wind spud Stl”llCt  UM2. No( surprisingly, cvidcncc  for s(rLIc(LII’c  in st)ltir  wind spcc.d  bad

on spwd-rcccivcr  intensity scintillation l}-IC:iSLlrClllCIllS  inside 10 R() has tilso  been found

(Woo, 1995tl). ‘1’hat structures me obscrvcci  in both radio propag:ilion  ami while-light

IIlc:IsLII”(:IIlcIlts  reinforces tiIc close association tmtwc.cll  these (WO t~rims  of IIlC:ISLIICIIICIItS.

‘1’ilis rclationsilii~  is cxaminc~i  mmc closely in (1E following section.

Iii. 1<111  ,A’I’IONS1 111} 111 H’W1iIiN 1101)1)1  /1}1<  SCINTII .1 ,Ari’lON,  RANGING> ANI)

wI)l’I’1l-l .lGlll’  h41iAs(lI<liMl  lNrl’s

‘1’hc. rwiio  mcasurcmcnk  of time  delay AT (ranging) ad phase @ observe the path-

intcgratc(i clcclrm  (icnsily  n

(1)

while l)opplcr frcquomy f]), lhc lime. dcrivati\’c  of phase, observes tlIc Iimc (Icrivativc of

the ~J:ltll-illtcgr:ttc(!  density

where s is distance aiong the ray path. ‘] ’illlc-dd~y sCil Iti]]idk)ll  OAT  tild [ )O])plc.Y

scintillation q), tlm rms of AT and f]), rcspcctivc]y,  arc given as f(dl(nvs:

0 rms of fluct Llalions in d
~

d
*T 01” 0[) - 11 (1,s 01 -

~
11 d,f

(11 (1,$
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and arc< thcrcforc proportional 10 density fluctuations An (SCC e.g., Woo cl al., 1 995a).

Since the dcnsi( y variations (of fluctuation frcqucmics Iowcr tlmn al-muf 1 I IY,) are causal

by s[ntdurc,  the lime derivatives are equivalent to spati;ll grdicnls, where [hc (cmpora] am]

spat i:l]  V:l~i:tl ions al”c rc]at cd throLlgh t hc. f$Llll’s  l’OMiOl)  rate. 1 lcmcc,  1 )Opp]cr frcqucl)cy

observes density gradimt,  and o]) observes the rms of the density gl’i!(liCIlt  fluctuations.

When while-light coronagr:iph  piciLlrcs  arc proccssccl  to ci]hamc density  gradients, they

have revealed a variety of striking ray-like structul’cs  tlmt arc Jiot alw[iys  readily disccmiblc.

ill thc O~igilNll  piCtLl~CS (Kou[chmy,  ] 9-?7; [iLlh;lthaklll  (:1 :l]ld  ] ‘idlC.  I, ] 995). ‘]’hc. lc.sLl]ts  it]

(1)-(2) show that, while time delay is similar 10 the wllitc-light  lllL’:isL]IcIllcIlts  of polarized

brightness ]>11, 1 )opplcJ frequency js the COLUltCrp:M  oi’ the whi[c,-  lijj~t  pidurcs  proccsscd to

cnhancc  dcmsi[y gradients (Woo cl al., 1995 b). ‘J’his  is iJJLwtra[cd  i]] l’jp,.  2, sh(wjns

pIOfiJCS  of time-dc]ay ancl 1 X)pplCr frequency across t l~c extension  or stalk of a coronal

S1l”CRINCI°  observed at ] d 1<~ by ~JjysSCS  (Woo Ct d., 1995b).  ‘1’hc {)MC per ]1oL1I’ sampling

mtc of [he IMJ3plc].  frcc]ucncy  measurements corresponds to a sJxilia  1 JCSOIL]l  ion of abcJLlt  10

Wcsec - - rough] y the resolution of the Spar{a Il 201-01 piclurcs dis])laycd in 1 ‘ig. 1 c~f

Guhathakur[a  and ] ‘jshcr  (] 995). ~kmlJm’ison  of the Jmfl]cs  ill ] ‘if,. 2 with CL1(S  across the

S~ l’CalllCl’S  Of thCSC S]> N’[all  20] -()] Whi~C-]  i@t COlVl13~~aJ3h  1 )lC:iSUl  c.lllCllt  S iIldiCtit  CS

rcmarkabJc similarity. l~jg.  2 shows that  across the s!alk  of the coronal  streamer there arc

scvcd altcma[ing  Jlcaks and nuJls jn [hc density  gra(licnt (corresponding to tbc several

bright and dark rays seen in the Spar[an pjcl Llrcs for which dcnsily g,radicnl js cnhamcd)

with a null (dark ray) occurring a! the Jxak of the dcnsily.

Raising (he sampling ralc of the IX@cr frcqucllcy  ]llc:IsLIt”c:tIIc]]ts  in 1 ‘ig. 2 incrc;tscs

the spa[iaJ resolution of the measurements of lhe coronal slrcamel.  Shown jn 1 ‘jg. 3 arc the

mcasurclncnls  fo]” sampling rates of ()]IC J)CI 1 holll’,  OIIC J)(T 10 lnins, Onc J)cl 1 rein, and

one J)cr 10 sees, corresponding to spatial rcsolutimfs roughly 10 ;imc.c, 1 arcsce, 0.1

arcscc ad 3 x 102 arcsc,c al the Sun, I“c.spcc[ivc]  y. ‘Ih rise j]) l}IC numbc.r of fluctLlations,

tqylhcr  with the ncady continuoLls]y  a]lcrnating  Sijyl of the dcllsity gradient (mcasLlrcd  by
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1 hpplcr  frcqucmcy), indicates that incmsingl  y firer fi Iamcntary s[rLiclurcs  arc observed as

Ibc spa[ial resolution is impmvcd. Since IXqy>lcr  scinli  Ildion is the rl]]s of IMpplcr

fI”C(]LICIICy  C(JJll]Nl[Cd  OVCI” ~ JlliJN bMCd 011 IIIC:ISUI’CI1lC1  I(S Salllp]cd  CVC1’y  ] () SCC (Woo C(

d., ] 985), ;[ l“CJM’CSCJltS  thC llllS Of thC Va~iatiOJ”l  jJl dCIISity ~Jll(]iCllt  COIllJNltCd  OVC1”  a

]oJlgi[u(iiJlal  diskmcc  of 340 km (().S arcscc) at [hc SLIJI basc(i  on gradient Jncasurcmcnts

CVCJ’y  20 kJN (~ X  ] @2 alUCC).  SitlCC thC fl]aJllCJlhl”y  S[l”llCtU~CS  111  thC COI’0J12J  CXtClld  [0

sca]c SiY,cs as sJlml]  as ] km at the Sun, ] )opp]cl’  Scin[i]]atioll  J’cprcscnls  a JICW too] for

SIU(lyil)~  s[l”uct  llrcs tha~  211”C J’CJll:ll’kdd)~  tWO 0JIiCJ3  Of Jlla~lli{Ll(iC S1 na] iC1’ [ha!l thOSC

obscJwc(i  previously (Koutchmy  cl al., 1994; 1 labbai,  1992).

]nsight in[o Ihc relationship bctwcc]) (icnsity  (as IncasuJcd by rat~p,ill~,  or tiJnc (lclay)

and sm:iil-scaJc  dcJlsily  SII’UC[LJrC  (] )opp]cr scjnti]]ation ) js jl]ustratcd in };ig. 4.

MCWIJCJ)ICJIR  of t imc delay AT aJNi  rms lX)pplC1  scinti  IIa[ion 61 ) froln the egress Jmlim of

the 1991 superior coll~unc[ion  of Ulysses (Woo d al., 1995a), alons  with the

coJ’rcspon(]  ing  val  ucs of Adn in pcrcmlt age cicducd from t hcm, arc (ii spJ a ycd. ‘J’hc egress

J)crimi  cove.rcd {iay of year (1 )OY) 233-248 during which both coI(MMi  strcanm  ami low

]ilti[U(iC  C(M”OJM] hO]C l“C~iOJIS  WC~C  J3J”ObCCi  O\TCl a hdiOCCJltl’iC  diSt:{llCC  l’:ill~C  Of 4-40 ]<().

Several imJmrlant fcatLlrcs  abou( the soJar  corona  and Ixciio  IIIC:iSIIJCIIIC II(S arc evident.

] ‘irsl,  ra(lial  dcpcmlcncc  dmninatcs  the mcasurcmcnts  of both (icnsily at](i smaiJ-scale

(icnsit  y struclurc,  and it is ncccssary  to remove it before uscfui  cm n] mrisons  with solar

fcaiurcs CaII k carricci  out, as was rcccntJy dm nonstrai(..d  (Woo :ind ( ;a~.is, 1993; Woo ct

ai., ] 99Sa).  ‘1’his is cquivaicnt  (o the usc of radiaiiy  gra(iccJ  fiilcrs  in Iilc usc of cc]ipsc

pictures. Secmci,  to compare ra(iio ami solar observations in ii mcaTlinp,fLll  manner, the.

ra(iio I) IC:ISLII’C.I1lC.lIIS  Sllmllci have as fcw Ciata  ~,:iJ>S  2iS Jx)ssihlc! ‘1’hir(i, variation in smali  -

SC;IIC StI”UCIUJ”C.  AI] is CXtCJISiVC  (OJIC 10  two OJXiC1’S  Of lllOglli[U(iC) - [hC. Sll1211]-SCalC.  Stl”UCtU1’C

is large in coronai  strcxmcrs  an(i mall  in coronai  idc regions (W(x)  d ai., 1995b).

] ]OWCVCr,  the SJl12111-SC211C  S(JllCtU~C  is smail  when C(ml]Mr  C(i to (iCllSily,  With Anh

:lJll(NIJltill~  to OJlly a fCW tC.JlthS t(l a fCW J>C~CCllt.  Aith(w@ AI\/]1
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t ba[ of An, is large. Similar rc.suits for An and An/n 1 )avc been obta i Id for 1 argcr-scale

s[ruct urc Irms of 1() min ranging mcasLIrcmmlts  ovcl  5 hr sp:ms (\Voo et al., 1 995a)].

I@ LIIlh, since An/Ii is small, the measure.mcmt of (iensity  (rang, in:,) csscntid]y  observes the

]argc-scale corona] slructurc. 1 lowcvcr, owinp,  [0 the rclalivc]y sm:tll  variation of largc-

Scalc StrLIC.(Lll”C  - Only about a factor of two --- large. Scale Stl”ucllllcs,  C.g,., corolla]

s[rcamcrs and plumes, can bc miskccl by the radial dcpcmicnce  of rimp,ing  JNUSLIIUNCIIIS.

As will bc. shown ]atc.r,  Emma] of the dominmt raclial varialim of the ranging

mcaslll’cmcnts  ill ] ‘ig. 4H rcvca[s  p] LImcs ill all Cquatorid  corolla] lmlc I’cgion.

Since AIdn is slna]l, increasing the sanq>]ing  ralc of the ranging lncasLlrcmcnts in

l~ig. 2a dms not alter (1N clcmsit  y pmfilc of the coronal streamer. 1 l[mwvcr, as with the

low-contrast larger-scaic slmctLNcs  obscrvd  in white  light piclLms of density [1 ~ig. J a of

CiLlll[itll:IkLI]l:I  and l;ishcr (1 995)], lhc low-ccmtrasl  small-scale s(rLwtLIrcs in the ranging

l~~c:isL]]c]~~cI~is of liig. 2a can bc SCM mmc clcar]y citb(u’ by rclm~it~{: fhc backgroun(i

dcmsity [cquivalmt 10 high pass fillcring  the white-]igllt nmxsure.tmmts  - l~ig. IC of

Gubath:IkLula  ancl 1 ;islm (1995)] or by disp]ayillg tbc t imc dc]ivativc of time delay as jn

l:ig. 2b showing l)opp]cr frequency [cquivalmt  to cnh:mcing  dcmsity  gdicnts  - l~ig. 1 b

of ~;ll]l:lt]):lklll’[:1  W(I l:ishcr ( 1 995)].

Radio propagation nmisuremcnls provide ]ligh spa[ial rcm]ut ion lllc:isL]]c]llc]lts  of

coronal strLlc[Lm in the Sun’s lm}gi[L)(iinal  dircdion, and bcmcc  colnplcmcnl  the plain-of -

[hc-sky cclipsc  and white-ligh[ Cxmmagrapb  lllc:isLlrcll]<llts.  It is impmlant  to point out that

both ranging  and 1 lopplcr scin[illa(icm  mcasLwcn)cnts  INlvc superior lc]no[c  sensing

capabi  1 i(ics,  not on] y bccamc they sense s(rLlct  urc tb:il  is orders of mafglilwic  smal lcr than

11]:1[ by while-]ight l)lc:lsLIlcI]lcllls,  buf also bccausc  the radio nmswctncnls  Jmscss  a

subslm(jal]y wider dynamic range, higbcr scnsi{ivi(y  ald lower uncertainty. 11 is tbcsc

fc:lturcs th:d permit tbc radio mcasmmen[s  to often observe the SOIW corona from the

vicini[y  of the Sun to as far as nc.ar 1 AIJ (Woo, 1978).  1 lcmcc, CVCI]  if the spatinl

rcsolutjon  of white-light mcasmmcmts  were to bc impl mm], unless llIc :tfolc]llclllioI)c~l
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features arc present, small-sca]c strLlcturc  may still not l~c observed bceausc  of its low

conlrast  and large differences between streamer and cm omd hole rep, ions. Onc of tbc

ironies that has cmcrgcd in the new unclcrslancling  of tl]c  radio pmpaf,ation  measurements

is the fact that, while white-light measurements suffcmi from lack of spatial resolution, the

‘rcsdut ion’ of t hc most extensive] y observed r:dio mea sLIrcnmIt - i n t e n s i t y  s c i n t i l l a t i o n

was too high. lntcnsity  scintillation mainly obscrve(l the turbLllclwc  inside the SIl12il]CSt

StIUCtLII”C  but not the struc[ure itself (Woo, 1995a).

Allhou@I  the usc of IMpplcr  scintillation for obscr~ing  and studyinf, small-scale

structure is an inlpor(ant  new development, the LISC of I allging nmis(lrcmcnts  for

invcstigati]lg  large-scale structure such as coronal streamers and plun)cs is cc]wdly

significant, :is will be (Ic]llol]stl:i[c(l. ShOWI) ill ];i:,. 5 iilc thc ] 1A() ~~:tLII)a ] .o~i SOl:i]’

observatory Mk III K-comnamctcr synoptic maps (cmulcsy  of J. llilrkcpile  at I IAO) base(i

on polarized brightness ]>11  mcasurcmcnts  on the WCS( Iinlb at hcighls  of 1.36 1{() and 1.74

R~ (see e.g., Simc cl al., 1990) and covering (~arring((m  rotalions  1845 and 1846. lJLlring

this time, Ulysses was nlso probing the corona a[ highcx  altittdcs  off Ihc WCS[ limb. ~’hc

black dots m the K-comnamctcr  maps, which IqNcscI It the  C1OSCS[ approach points of the

Ulysses radio path mapped back to the Sun, indicate ll]at during the ])criod of lX)Y 241-

248, Ulysses probed an equatorial coronal hole region. The lllysscs  linm delay

mcasurcmcnls  during this time arc clisp]aycd  in };ig. 6a in rcvcrsc till  IC order for the

cmvcnicmcc  of comparison with the K-coronamcter  II Iaps.  ~:olle.sljoll(lillg”  ra(iial  (Ii st anccs

arc marked  at Ihc lop of the panel showing tha[ the mcasurcmcmts  took place in the range  of

20-401 <.. Tbcsc  data arc a subset of the mcasLlrcnlcllts  shown ill 1 ‘ig. 4a. “lo remove  the

radial dcpcndcnce,  the I~lc.:isL]rc.IllcIIts  in l~ig.  (ia have I)ccn nlLlltiplicd  by (R/1 AIJ) 142

(Ilird et al., 1994), where R is heliocentric distance in AU, and the ]csults displayed in

l;ig. (ib. A qLdratic fit 10 remove the additional background density is applied to these

data id the (ii ffcrcnce is displayed in };ig. 6c. ~’hc til nc delay nlcasLlrcn~cnts  am so precise

that their mcasLlrcnlcnt  error  bars arc Snla]]cr  than the si~c of the. data p[)illlS.  ‘]’his  iS not the
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case with whi[c-] ighl nKmLlrcmcnts for’ which uncalilillt iCS can bc subst ant ial (1 ‘ishcr ancl

Guhathaklllla,  1 995).

1 .ikc whi[c-ligh{ mc:isurcmcnts of polarjmxi  bliglitncssl  time ciclay  obscnws  dcnsi[y,

and lhc variations in l;ig. 6 tippcar syslcnudic. “1’hc v;ilhtions in 1 ;]gs. 6b ancl 6C

(magnitLdc of variations, frequency of peaks, and an~’,lllar  si~c  of peaks) bear s~riking

rcscmblancc  to t hc cmcsprmi ing lat it Ldina] pmfi ICS of polw cxmmal ho]cs at 21<0

displayed in 1 ~igs. 2a (polari~,c(i  brightness) and 2b (polar  jzc(i iwig]ltncss  nlinLls  fit) of the

SpaWm 201-01 images (f ‘jshcl an(i (iuhathakum,  1905). “J’llis sinliiaiity  inciicalcs  that

p]unm appear to bc ]Mmcnt not ~LIs[  in polar mgims  (Sai[o, ] 965; Ncwkirk ami } larvcy,

1968), whcm remnants in in[crplanctary  space may pt)ssib]y haw Ixxn (ictcc[c(i  by lJlysscs

in its passage ovcI. the south polar comnai  lmic (Phili ips C( al., 1 995), hut also in the open

ficl(i ccmnal hole regions bctwccn s[rcanmx, hl’[hCI IllO]’C, thCy  CXICll(i  fill”  bcyon(i ~hC

corwna  obscrvc(i  in whi[c-ligb[  mcaswcmcn[s. ‘] ’hcse l“cs1l][s al’c Col]sistcnt with IiLJV

]~]c:tsLIIcl~~cI~ts  of the solar cxmma (Wang and Shccicy, 1995), as WC]] as low-latitude

plasma mcasurcmcnts by 1 lc.lies nc.ar 0.3 AU (rl’hicmc cl al., 1990).

IV. CONC1,UDING Rl{MARKS

]lllCgl”:ltillg  lhC ~csll]ls  fIOIN  (ii VC1’SC  Mijo  ]M’o]Mgat  ion 111c[IS111CIN31(S  has ]CCi tO

significant gains in OLW  know] c(igc  of coronal  s[ruc[ms,  sLlbs[anlial  impmvcmcnt  jn our

un(ic.rst  anding of radio propagation mcasurcmcnts  as a too] for rclnolc scnsjng  ihc corona,

an(i clarjtlca[  ion of IIW rdationship  bc,t wccn miio  pro] mgat ion an(i cormagraph

IllcttsL]t.cII]  cl)ts. ‘1’hc miio mcasurcmcnts  conflm that strcamcm  arc lay-like. strLlct urcs as

dcpictc.~i  in coronagr.ailh pjclum, but also show that lllcrc exists throughout  the comn:t a

hicrwchy  of filamentary strLlclurcs  that cx[cncis from tllc si~c  of stlcamcrs  (iown to scaic

Siy,Cs  as sinai] as about  ] km at the SLIn  ( ] ()-3 :U”CSCC).  Slnaii-sc:iic  SIIIIC(lll’CS  (SLIhNCSC.C)

tha(  lNVC  long clLIcicci  cormagrq>h  mcasLlrcnnts  cm IIOW  bc obscIwcd  with lhpplcr

scin{iiialicm  mcasurcmcnts,  while large-scaic s[rLlctLwcs  not yet obscmxi by coronagraJhs,
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such as p]umcs in cquatmial  cxmnal ho]c ].cgions, can l)c studied with high pmcisim

mnging IIlc2isLIIeIIIc.  II[s. ‘J’hc corona is obviously rich ill stn]ctllm,  NId additional details on

i[s mcwphology can bc cxpcdccl  as future investigations basmi  on these unic]ue.  r:idio

Illc:lsul”cmcllts  al’c mndllctcd.
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l~lGURli  ~APrl’lONS

}Jig.  1 Smallest filamentary stmc(um of siz,c 1 km a[ tllc Sun. Within these strLlctLlrcs  am

random elect ml dcnsit y i rrcgularit ics (t urbulcncc) that arc ccmvcclcd  along the solar wind.

l~ig. 2 l’mfilcs  of time dc]ay AT (density) and l)opplc] fm]ucncy fl> (gdicnt  of clc.nsity).

1 ‘ig. 3 l’mfi]cs of 1 Xqq>lc].  frequency (gradicnl  of dcnsit y) will] inclcasi]l.g  sampling mtc

and hcncc  spatial rcso]ut ion. ‘1’hc appmxima[c  comspcmcling  spatial rcso]ution is

(a) ] O arcscc, (b) 1 mscc, (c)O. 1 arcscc, and (ci) 3 x I 02 arcscc at the Sun.
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l;ig. 4 Radid  variation of mcasurcmcnts  of lime delay (cicmity), 1 Mpplcr  scintillation

((icnsity fluctLlations)  and An/n by Ulysses during DOY 233-248 in 1991. ‘1’hc axes have

the same odcrs of magait ucic to allow convenient comparism. Ncg]cc[ing  the radial

variation, the variation in (icnsity is about a fi~c[or of Iu’o, but the ~aria[ion in density

fluctuations ami An/n is onc to two orders of magnitLl(ic.

}Ug. 5 1 lAO Mauna 1.oa Solar Obscrvatmy  Mk Iii K-mmalmcr  symp[ic maps

(comlcsy  of 1. ]]ul”kcpi]c  at ] IAO) bami on po]al”izcd  lmightnc,ss  p]] mcasLMcmcnts  on the

WCS( limb a~ heights of 1.36 R. ad 1.74 Ro. ‘1’hc black (iots on the. K-ccmnamctcr  maps,

which l“cpl”cscnt  li)c c]oscs[ approach Jx3ints  of the IIlysscs  ra(iio n)casummcnts  in l:ig. 6

mappc(i  back to the Sun, inciicafc that during the period of I)OY 241-248, lllysscs pmbcci

an cquatcwial  coronal  hole rcgioa.

I~ig. 6 ‘1’imc series of (a) time (iclay AT by lJlysscs  rangins mcasurclncnts  (sLlbsct of (iala

ciisplayc(i  in l~ig. 4), (b) s:tmc as (a) bu[ with r:i(iial  {icpcncicnec  mmvcci,  (c) same as (b)

but after qua(imtic  fit has been mmovc(i.  ‘1’hc time series in (c) is sinlilar (0 that of the Jmlar

comnai  plumes fmm tile Spw.tan  white-light pictures and shown in i ~ig. 2.b of I;ishcr anti

Guhathaklllla  (1 995).
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